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0 Hemoglobin combined with a poly(alkyiene oxide). 

@ There Is disclosed hemoglobin modified in that a 
poly(alkyiene oxide) is bonded thereto by a bond 
between a terminal group of said poiy(atkyl6ne ox* 
ide) and an amino group of said hemoglobin, sdd 
bond having the structure: 

-CH^O-(CH,)-CONH-Hb 

1^ wherein Hb represents said hemoglobin and n repre- 
^sents a positive integer, preferably 1 to 7. The 
GO modified hemoglobin is an effective oxygen carrier 
l^and can therefore be used as a blood substitute. 
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HEMOGLOBIN COMBINED WITH A POLY(AL[CYLENE OXIDE) 



The present invention relates to hemoglobin 
combined with a poIy{aIkylene oxide), which is a 
novel combination and which is hereinafter referred 
to as "modified hemoglobin", for as an oxygen 
cam'er in a blood substrtute, and to lyophifized 
preparations containing the modified hemoglobin. 

It has been reported that hemoglobin covalen- 
tiy combined with a po!y(aIkylene oxide) Is ex- 
cellent as an oxygen carrier for a blood substitute 
because the life time of this modified hemoglobin 
in the circulation is much longer than tiiat of un- 
modified hemoglobin itself (see JP-A-12308^19d1. 
JP-A-206622/ig82-, US-A-4301144 and US-A- 
4412989). 

Hemoglobin is a constituent of the living body. 
However, there are the following problems in the 
modification of hemoglobin: (1) hemoglobin is .de- 
natured during reaction wrth a poIy(alkyIene oxide) 
and (2) the affinity of hemoglobin to oxygen is 
increased by the chemical modification. Moreover, 
tiie stability of Hxe bonding between tiie hemoglo- 
bin and the poiy(aIlcyiene oxide) is not stable 
enough for the modified hemoglobin to be stored 
for an extended period of time. 

The inventors of tine present invention have 
tried to solve the above problems, and have found 
that hemoglobin combined witii a poly(aIkyiene ox- 
ide), wherein an amino group of the hemoglobin is 
bonded via an. amide bond to a carfaoxyl group of 
the poIy(aJkyIene oxide), which cart)oxyl group is 
attached to tiie poly(alkylene oxide) molecule via 
an ether twnd, can solve the above problems, and 
have devised the present invention on the basis of 
such findings. 

In another words, tiie present invention relates 
to a hemoglobin modified in tiiat it is combined 
witii a poly(alkylene oxide), wherein tiie bond be- 
tween said poly(allcylene oxide) and said hemoglo- 
bin is an amino group having tiie following struc- 
ture: 

-CHi-0-(CH,)„.CONH-Hb 

wherein Hb represents a hemoglobin and n repre- 
sents a positive integer. 

The singe Rgure of the drawing shows typical 
instances of monomeric, dimeric and trimeric forms 
of modified hemoglobin of the invention. This Rg- 
ure is refenred to in Example 1 hereinbelow. 

The poIy(allcylene oxide) used in the present 
invention is a polymer having a solubility in water, 
for example, poly(ethylene oxide), poly(propylene 
oxide), or a copolymer of etiiylene oxide and pro- 
pylene oxide. The molecular weight of tiie polymer 



is preferably from 300 to 20000. more preferably 
from 750 to 10000, and most preferably from 1000 
to 6000, from tiie point of view of tiie efficiency and 
safety of the final product 

5 In order to bond carboxylic groups to poly- 
(aikylene oxide), ester bonds, amido bonds, etiier 
bonds and the like can be considered, in the 
present invention, it has been found tiiat an etiier 
bond Is better than the other bonds from the 

10 viewpoint of stability, and on the basis of tiiese 
findings the present invention was made as men- 
tioned above. Accordingly, in the case of tiie poly- 
(alkylene oxide) used for synthesizing the con- 
jugate of hemoglobin witfi tiie poly(aIkylene oxide). 

75 of tiie present invention, the terminal groups tiiere- 
of must be changed to a radical represented by the 
formula: -0-(CH,)„ -COOH wherein a positve integer 
of from 1 to 10, preferably from 1 to 7. more 
preferable from 1 to 3, is selected for n in many 

20 cases. 

As tiie metiiod for changing tiie tonninal 
groups of tiie poly(alkyIene oxide) to a cariwxyl 
alkylene ether group, (a) oxidation of the terminal 
carbon atoms of the poly(aIkylene oxide) in the 

25 presence of a catalyst such as platinum, palladium 
or a combination of platinum and palladium, (b) 
oxidation of the temiinal hydroxyl groups of the 
poiy(alkylene oxide) in tiie presence of activated 
manganese dioxide to form an aldehyde derivative 

30 and subsequent oxidation of tiie formyl group of 
tiie derivative witii hydrogen peroxide to fonn tiie 
carboxyl group, (c) condensation of the haloge- 
nated fatty acid witii tiie poly(aIkylene oxide) in the 
presence of a base, and (d) reaction of a fatty acid 

35 having a diazonium group with tiie poIy(alkylene 
oxide), are preferably used. 

For tiie reaction of tiie hemoglobin witii tfie 
poly(alkyIene oxide) into which carboxyl groups 
have been Introduced, it Is preferred tiiat a poly- 

40 (alkylene oxide) activated ester (which is obtained 
by reaction of the poIy(aikyIene oxide) with an 
activating agent used in an ordinary peptide syn- 
thesis such as N-hydroxy succinimide, N-hydroxy 
phtiialimide p-nitrophenol or pentachlorophenol) be 

45 allowed to react witii tile hemoglobin, or tiiat tiie 
poly(alkylene oxide) be heated witii a halogenating 
agent such as tfiionyl chloride to fonn a poly- 
(alkylene oxide) add halide as a condensate be 
reacted wiht the hemoglobin. 

50 The hemoglobin used in tiie present invention 
includes hemoglobin obtained from animals such 
as cattie, swine, sheep, horses, dogs, monkeys and 
chickens, as well as from human beings. The he- 
moglobin used in tills invention includes tiie so 
called abnomnal hemogtobin as' disclosed in K. 
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Imai. "Allosteric Effects in Haemoglobin", Cam- 
bridge University Press. 1980, and hemoglobin de- 
rivatives such as phosphate derivatives (for exam- 
ple pyridoxa(-5'-phosphate and derivatives thereof, 
and 2-nor-2-formyl pyridoxal-5'-phosphate and de- 
rivatives thereof), pyridoxal sulfate derivatives (for 
example pyridoxal-5'sulfate and derivatives there- 
of), glyceric acid derivatives (for example 2,3- 
diphosphoglyceric acid and derivative tiiereof), de- 
rivatives obtained from a sugar containing a car- 
boxylic acid or phosphate group (for example 
glucose-6*phosphate). and adenosine*5'-phosphate 
and derivatives thereof. 

In the reaction of the hemoglobin, the concen- 
trattion thereof is preferably from 0.5 to 20%, more 
preferably from 0.5 to 10% by weight/volume. How- 
ever, when the concentration of tiie hemoglobin is 
over 4% and amino acids or amines are not 
present in the reaction system, a crosslinking reac- 
tion occurs to cause polymerization of the he- 
moglobin, and accordingly gelation of the reaction 
mixture often happens and the control of the reac-. 
tion is very difficult. On the otiier hand, when the 
concentration of tiie hemoglobin Is low, large, reac- 
tion vessels must be used and concentration of the 
reaction mixture is time-consuming and energy- 
consuming. It is therefore preferred that from 1 to 
50 mole, more preferably from 2 to 10 mole, of the 
poly(alkylene oxide) be used for one mole of tiie 
hemoglobin. 

In the case of a reaction between tiie poly- 
(alkylene oxide) and tiie hemoglobin in tiie pres- 
ence of an amino acid or an amine, tiie molecular 
weight of the modified hemoglobin can be con- 
trolled easily, it is believed tiiat an amino acid or 
amine attachs to part of the activated carisoxyl 
group of tiie poly(alkylene oxide), and that the 
substance thus produced prevents excessive car- 
boxyl groups from reacting with the hemoglobin. 
By tills method, tiie modified hemoglobin of tiie 
present Invention can be obtained easily witiiout 
diluting the hemoglobin solution. 

As an amino acid for use in the reaction, an 
amino acid constituting a protein is preferably 
used. Example thereof are basic amino acids such 
as lysine, arginine and histidine, neutral amino ac- 
ids such as glycine and phenylalanine, and acidic 
amino acids such as glutamic acid and aspartic 
acid. Examples of tiie amine are ammonia, aliphatic 
amines and aromatic amines. Since the modified 
hemoglobin is to be put into the blood circuit tiie 
substance must be very safe. One amino acid or a 
combination of more than one amir\o acid or amine 
can be used for tiie reaction. 

When an amino acid or amine whose amino - 
group is a tertiary group is used, tiie carboxyllc 
group of tiie poly(alkylene oxide) to be bonded to 
tiie hemoglobin has the fomiula -0-(CHa)„-COOH. 



because the tertiary amino group catalyses hy- 
drolysis of the activated ester. On the other hand, 
in the case of a primary or secondary amino group, 
the terminal group has. ttie formula -0-(CHj)n- 

5 CONHR. By appropriately selecting tiie radical R. 
the degree of charge oh tiie surface of the modi- 
fied hemoglobin, or the hydrophobic or hydrophiiic 
nature tiiereof, can be adjusted as required. Thus, 
when the modified hemoglobin Is used as a blood 

70 substitute, tiie mutual interaction between the 
modified hemoglobin and red blood corpuscles, 
leucocytes and blood plasma proteins which are 
contacted by the modified hemoglobin in the living 
body can be regulated in respect of. for example, 

76 erythrocyte sedimentation rate and immune rec- 
ognition. 

It is preferred tiiat from 1 to 100 mole, more 
preferably from 5 to 20 mole, of the amino acid for 
employed for one mole of the hemoglobin In tiie 

20 reacttion. 

In ttie reaction of the hemoglobin with the poly- 
(alkylene oxide), the reaction system should not 
contain oxygen or should contain as low a volume 
of oxygen as possible. For example, an oxygen 

25 partial pressure of 0 to 30 mmHg is preferred. As 
regards reaction conditions other tiian tiie con- 
centration of oxygen, all of tiie known art is ap- 
plicable provided that the hemoglobin is not de- 
natured. 

30 In order to lower the concentration of tiie oxy- 
gen, tiie air in tiie reaction vessel can be replaced 

by an inert gas such as nitrogen, argon or helium. 
Alternatively, the oxygen can be removed by re- 
ducing it with a reducing agent such as NaBH4 or 

35 NaiSiO*. or it can be removed by a mechanical 
pump and replaced by an inert gas such as argon. 
Other known methods can be employed. 

The modified hemoglobin thus obtained may 
be freeze-dried to form a preparation for use as a 

40 drug. A so-called stabilizing agent should be added 
to inhibit the production of methemoglobin and 
insoluble material. As stabilizing agents, we have 
examined anti-oxidizing agents such as sodium sul- 
fite, sodium bisulfite and iron (II) sulfate, and amino 

45 compounds such as EDTA and salts thereof. How- 
ever, inorganic anti-oxidlzing agents are toxic to tiie 
human body and result in tiie production of large 
amounts of insoluble material. EDTA is not so 
effective from tiie viewpoint of stability for the long 

50 term preservation of the modified hemoglobin, be- 
cause it does not effectively prevent the production 
of methemoglobin. 

It is known that monosaccharides such as D- 
galactose and D-glucose and disaccharides such 

55 as sucrose and lactose are effective as stabilizing 
agents. However, they must be added in a rela- 
tively targe amount relative to the modified he- 
moglobin, and therefore the concentration of blood 
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sugar is Increased and also the osmolarity of the 
solution is over the normal value. These effects are 
thought to be undesirable when the modified he- 
moglobin is to be used as a resusdtation fluid. 

The present inventors found that glucose and 
mannitol are effective to prevent the fomiation of 
methemoglobin. They have attempted to develop 
preparations suitable for long tenm storage and 
have found that methemoglobin formation can be 
prevented effiectivety by using maltose and glucose 
as sugars during lyophilfzation of the modified he- 
moglobin. 

As an example of a method of producing a 
freeze-dried preparation for use as a daig contain- 
ing the modified hemoglobin of the present inven- 
tion, an aqueous maltose solution or maltose pow- 
der is added to an aqueous solution of the modified 
hemoglobin, and the aqueous solution thus ob- 
tained is freeze-dried by a conventional method. As 
regards the amount of maltose to be mixed with 
the modified hemoglobin, 0.1 to 2.0 parts by weight 
of maltose is preferably employed per one part by 
weight of the modified hemoglobin. For example, 
having regard to stability, 0.1 to 2.0 times, prefer- 
ably 0.5 to 1.2 times, of maltose is added to 2 to 
20 wAr % of the modified hemoglobin solution and 
the mixture thus obtained is freezed at -35 to - 
50"C for 20 to 60 minutes and tiien dried under 
reduced pressure at 10 to 50^*0 on a shelf for 5 to 
70 hours to give a freeze-dried preparation for a 
drug. It is prefened that an amino add such as 
histidine, glutamine or tryptophan be added with 
the maltose and/or glucose, for the preparation of 
the dnjg. 

Before the freezing of tiie aqueous modifed 
hemoglobin solution containing maltose and/or glu- 
cose, known stabilizing agents and/or salts to ad- 
just osmotic pressure of the crystalizing substance 
may be added. 

The modified hemoglobin of tfie present inven- 
ti'on possesses excellent properties such as tiie 
affinity of the hemoglobin for oxygen and also the 
high stability thereof. 

In tiie case of, for example, poly(alkylene ox- 
ide), the following tiiree terminal groups may be 
present 

-OCO{CHa)aCOOH -NHCO(CH,),COOH -0- 
CHjCOOH. 

These kinds of terminal groups may be com- 
bined with the hemoglobin. As regards the three 
kinds of modified hemoglobin thus obtained, their 
resistance to hydrolysis was examined and the 
results were compared as follows. 

5% Aqueous solution? (pH 7.0, 0.1 N phosphate 
buffer) of each of tiie modified hemoglobins of 
ester type (I), amide type (II) and ether type (III) as 
given above were incubated at aS'^C for one week. 



and tiie poly(ethylene oxide) produced by tiie de- 
composition of the modified hemoglobins was mea- 
sured. It was found that tiie order of tiie hydrolyzed 
poly(etiiylene oxides) was III > II > I> by weight 

5 Judging from these results, the ether type had the 
best stability. Also, in the production of tiie freeze- 
dried preparation of tfie modified hemoglobin, when 
lyophiiization is canied out in the presence of malt- 
ose, the maltose prevents tiie modified hemoglobin 

TO from undergoing oxidation. 

The present invention will be illustrated by tiie 
following Examples. 

In tiiese Bcamples, tiie molecular weight of the 
product was determined by high speed liquid 

T5 chromatography, combined witti small angle light 
scattering. As the developing solvent 0.1 M phos- 
phate buffer (pH=6.8) was employed. The molecu- 
lar weight was calculated by the following metiiod. 
A calibration curve Is obtained by using a gel type 

20 packed column (SW3000G. Toyo Soda Co. Inc.. 
Japan) and by analyzing tiie small angle laser 
scattering (LC-8. Toyo Soda Co. Inc., Japan) of tiie 
chromatogram. 

THe number of poly(alkylene oxide) molecules 

25 which combined with one molecule of hemogtobin 
was detwmined as follows. Salts and unreacted 
poly(alkylene oxide) were completely removed by 
ultrafiltration, and a solution of tiie product was 
freeze-dried. The solid residue was weighed, and 

30 then the hemoglobin content in the solid residue 
was determined photometrically. The number of 
combined poly(alkylene oxide) molecules was cal- 
culated by subtracting the volume of the hemoglo- 
bin in the relevant sample. 

35 The oxygen dissociation curve of the stabilized 
hemoglobin thus obtained was measured in 0.1 M 
phosphate buffer (pH«7.4) by tiie metiiod of Imal 
et al (K. Imai, H. Morimoto, M. Kotani. H. Waka. M. 
Kuroda.Biochim. Biophys. Acta., 200, 189-196. 

40 1970). 

Example 1 

Poly(ethylene oxide) having a molecular weight 
45 of 1000 daltons. produced by Aklrich Chemical 
Co., USA (30 g. 30 mmole), and 3-chloropropionic 
acid ethylester (16.4 g, 120 mmole) were dissolved 
in dried dimethylformamide (700 ml), and silver 
oxide (20 g) was added thereto. The mixture was 
50 stirred for 24 hours at 70 "C to effect a reaction, 
and tiie precipitate thus obtained was removed by 
filtration. The filtrate thus obtained was poured into 
cooled etiiyl etiier (3 litres) to precipitate the de- 
sired poly(ethylene oxide) derivative. The 
55 precipitate was washed with ethyl ether, dried, and 
dissolved again in water (300 ml). The solution was 
adjusted to a pH above 11 witii 1N aqueous so- 
dium hydroxide and ttien stinred overnight at 60*'Q 
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to hydrolyze the ester. The pH of the reaction 
solution was adjusted with 1N aqueous hydrochlo- 
ric acid to a value of 5 and then the solution was 
concentrated and dried to give a solid materlaL 

The product thus obtained was dissolved in a 
mixture (200 ml) of methylene chloride and ethyl 
ether (1:1) and insoluble material was removed by 
flltrattion. The filtrate was concentrated to 
precipitate a white powder. The powder was dis- 
solved in water (100 ml), and the aqueous solution 
was treated with a strongly basic ion exchange 
resin, namely "Bio-Rad" AG1X2 produced by Bio- 
Rad Laboratories, USA. and the adsorbed material 
was eluted with 0.05 N aqueous hydrochloric acid. 
The yield of product was 18g, the product being In 
the form of white crystals. 

The product (i.e. the dicarboxylic acid deriva- 
tive of the poiy(ethylene oxide) (10 g) and N- 
hydroxysuccinimide (6.5 g, 56.5 mmole) were dis- 
solved in dimethyiformamide (200 ml), and then 
dicyclohexylcarbodiimide was poured into the mix- 
ture to effect a condensation reaction thereby to 
obtain an activated ester of the poiy(ethylene ox- 
ide) derivative having a molecular weight of 1000 in 
a yield of 9.8 g. 

Fresh erythrocytes from a cow (100 ml) were 
suspended in a 0.9% aqueous sodium chloride 
solution and washed four times at 4°C using a 
centrifuge. The erythroscytes thus washed (60 ml) 
were hemollzed with 60 ml of distiiled water suit- 
able for injection. The membrane components of 
the erythrocytes were removed using a filter having 
a hole diameter of 0.22 microns, produced by 
Miliipore Co., USA. The remaining membrane com- 
ponents were removed by centrifugation at 6000 
r.p. for 1 hour. 

The bovine hemoglobin solution thus obtained - 
(10 g) was dissolved in 0.1 M borate buffer (pH 7.0, 
200ml), and the solution thus obtained (0.15 
mmole) the foregoing activated poly(ethylene ox- 
ide) ester (4.7 g, 3.5 mmole) and L-lysine (212 mg, 
1 .45 mmole) were added. The oxygen partial pres- 
sure in the reaction mixture was reduced to 
ImmHg with argon gas. The mixture was reacted 
for 2 hours at 4''C. 

The reaction mixture was purified repeatedly 
by ultrafiltration using the membrane YM-10 pro- 
duced by Amicon Co., USA until the amount of 
unreacted poiy(ethyiene oxide) was less than 100 
ppm. Unmodified hemoglobin was not present in 
the purified mixture, according to a gel filtration 
chromatography test. As can be seen from the 
Rgure. a product of monomeric type (A), a product 
of dimeric type (B) and a product of trimeric type - 
(C) were produced. The ratio of these three types 



was about 5:3:1. In the Rgure, each circle repre- 
sent a subunit of one hemoglobin molecule and 
each hook shaped member represents .a poly- 
(ethylene oxide) molecule. 

5 The average number of poiy(ethylene oxide)- 
molecuies which combined with one hemoglobin 
molecule was 6.3. 

The oxygen partial pressure at which half of 
the oxygen was combined with the chemically 

70 modified hemoglobin (Pm vaiue) in an oxygen dis- 
sociation curve was 13.7 mmHg at 25*C. From an 
analysis of the product It was clear that the L-lysine 
radical was bonded to the poly(ethylene oxide) via 
an amide bond. 

15 

Example 2 

An aqueous solution (500 ml) of platinum- 
palladium-cariDon (20 g) as a catalyst, produced by 

20 the method disclosed in JP-A-141219/1978 - 
(Kawaken Rne Chemical Co., Inc.), and a poly- 
(ethylene oxide) (200 g) made by Nihon Yushi Co., 
inc., Japan, namely Macrogol 4000, were placed in 
an autoclave and pressured air was fed into the 

25 autoclave to adjust the pressure to 10 kg/cm^ The 
mixture was reacted for 10 hours at 90*C. 

The catalyst was removed by filtration from the 
reaction solution. The solution thus obtained was 
treated with activated carbon and then recrystal- 

30 lized from water to obtain an acid derivative of 
poly(6thylene oxide having carboxyl groups at both 
ends thereof, in a yield of 180 g. 

QrCarboxymethoxy,<i)-carboxymethyl polyox- 
yethylene (molecular weight about 4000) (20 g, 5 

35 mmole), N-hydroxysucclnimide (4 g), and 
dicyclohexylcariaodllmide (DOC) (7 g) were dis- 
solved in dimethylfomnamlde (100 ml) and stinted 
ovemight. The crystals of dicyclohexyl urea that 
formed were separated by filtration. To the filtrate. 

40 ethyl ether (400 mi) was added to precipitate a 
polyoxyethylene derivative of the activated ester 
(17 g). The precipitate was separated by filtration 
and then washed with ethyl ether. 

Human erythrocyte (50 ml) which had been 

45 obtained from outdated blood for transfusion was 
washed with 0.9% aqueous sodium chloride solu- 
tion (50 ml), four times at 4*C using a centrifuge. 

The washed erythrocyte (40 mi) was hemollzed 
with distilled water suitable for injection (40 ml). 

50 The membrane components of the erythrocyte 
were extracted with toluene (20 ml). Furthermore, 
the membrance components of the membrane and 
the human hemoglobin were separated by cen- 
trifugation at 8000 r.p. for 1 hour to obtain a he- 

55 moglobin solution. 
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The hemoglobin solution was dissolved in 0.1 M 
phosphate buffer (0.088 mnriole, pH 7.0) to adjust 
the concentration of ihe hemoglobin to 6 g/dl, and 
then the partial oxygen pressure was lowered to 
less than 2 mmHg by vigorously blowing argon gas 
into the hemoglobin solution (100 ml) to remove 
oxygen therefrom. According to the method of 
Benesch et al (R. Benesch, R. Benesch, S. Kwong, 
A. Acharya, J. Manning, J. Biol. Chem. 257 (13) 
1320-24. 1982), pyridoxal-5'-phosphate was at- 
tached to the hemoglobin to obtain pyridoxaiated 
hemoglobin (6 g/dl). Glycine (160 mg) was added 
thereto and the activated ester of the poiyox* 
yethylene derivative (7.2 g) obtained in the manner 
described above was added thereto. The mixture 
was reacted for 30 minutes at 4*0. IN aqueous 
sodium hydroxide was added thereto to adjust the 
pH value to 7.8. and then the solution was further 
reacted for 30 minutes. 

The product was purified by repeated ultrafil- 
tration using a membrane whose molcular weight 
cut-off point was 30000 daHons (Membrane YM30, 
Amicon Co. Inc., USA), whereby the concentration 
of unreacted polyoxyetiiylene was less than 100 
ppm. 



The average molecular weight of the product 
was estimated to be about 98000 daltons (by high 
speed liquid chromatography using a column filled 
witii the gel of the same type as described above 

5 and by subsequent analysis by small angle laser 
scattering). Glycine was bonded to those terminal 
groups of the polyethylene glycol to which he- 
moglobin was not attached. 

To a 6.0% aqueous solution of the modified 

10 hemoglobin thus produced, a solution of salts (a 
mixture of sodium chloride, potassium chloride, sor 
dium acetate and/or magnesium chloride) and a 
glucose or maltose solution were added to produce 
modified hemoglobin solutions having a hemoglo- 

15 bin concentration of 5%, and having various sugar 
concentrations as shown in Table 1. They were 
freeze-dried by conventional means for 18 hours at 
20'C on a shelf to produce preparations. 

The degree of metiiemoglobin to total hemo- 

20 globin (which is refen-ed to as "metiiemoglobin 
content degree") of tiiese preparatiosn just after 
freeze-drying and after preservation at 30^*0, is 
given in Table 1. As a result it can be seen that 
maltose is superior to glucose as a stabilizing 

25 agent Particutariy, it is effective in a concentration 
of 4 to 6% (about 0.8 to 1.2 times relative to the 
modified hemoglotnn). 



Table 1 ~ Yield of methemoglobin in preservation 
tests carried out on freeze-dried preparations contain - 
ing glucose or maltose as a stabilizing agent (30^0) 



stabilizing 


Starting 


After 


After 


Agent 


Value 


7 days 


1 4 days 


Glucose 3% 


1.3% 


10.1% 


15.3% 


4% 


1 .4% 


9.5% 


13.4% 


Maltose 3% 


1 .2% 


5.4% 


8.8% 


4% 


1 .3% 


4.6% 


7.9% 


5% 


1 .2% 


3.9% 


5.2% 



Example 3 

50 

Commercially-available Pluronic PI 23 of mo- 
lecular weight 4000 daltons (a block copolymer of 
etfiylene oxide and propylene oxide) (20 g. 5 
mmole), produced by BASF Wayandotte Co.. USA, 
was reacted with metallic sodium (1g) In well-dehy- 
drated dioxane to give the disodium salt of pluronic 



P123. The predpitate thus obtained was separated 
by filtration, and to the filtrate^ monochloroacetic 
acid ethylester (2 ml) was added dropwise. The 
mixture was reacted for 24 hours at 50'C. 

By the method as described tn Example 1, 
from the reaction solution thus obtained, the ester 
derivative was hydrolyzed to produce a precipitate. 
This process was repeated to purify the required 
product 
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The resulting poly(alkylene oxide) derivative, 
wherein both- ends of the Pluronic molecule pos- 
sess carboxyl groups, was reacted with N-hydrox- 
ysuccinimide using the method described in Exam- 
ple 2 to convert it to the activated ester derivative. 

Into 6% aqueous human hemoglobin (0.09 
mmole, 100 ml) in a borate buffer (pH 7.4), ob- 
tained by the method described In Example 2, 
nitrogen gas was blown to lower the partial oxygen 
pressure thereof to 1 mmHg. Then, the activated 
ester of Pluronic (7g, 1.7 mmole) as obtained 
above and L-alanine (250 mg, 2.8 mmoie) was 
added. The mixture was reacted for 1 hour at 4''C. 
The pH of the solution was adjusted to 7.8, and 
then the mixture was stinted for 30 minutes. The 
required product was obtained by purification, by 
the method described in Example 1. 

The average molecular weight, as estimated by 
the method described in Example 1. was 95000 
dattons. The number of Pluronic molecules which 
combined with one hemoglobin molecule was 4.8. 
The P50 value, at which pressure half of the oxy- 
gen was dissociated, as estimated from the oxygen 
dissociation curve, was 6.1 mmHg at 25^C. 

Bcample 4 

Polyethylene glycol monomethyl ether having a 
molecular weight of 1900 (15 g, 7.9 mmole) made 
by Aldrich Chemical Co., USA was dissolved In 
dried methylene chloride, and activated manganese 
dioxide (30 g) was added thereto. The mixture was 
stin'ed overnight at room temperature to effect re- 
action. 

After the catalyst had been separated by flltrat- 
tlon. the polyethylene glycol derivative, oxidized to 
one of the aldehyde type, obtained by distilling off 
the solvent under reduced pressure from the above 
solution, was dissolved in 3% aqueous hydrogen 
peroxide {HJOi) solution (500 ml). The mixture was 
allowed to react for 24 hours. 

The reaction solution was passed through a 
column packed with the resin Bio-Rad AG1x2 to 
remove neutral material, and a poly(ethylene ox- 
ide) derivative having a terminal carboxyl group 
was obtained by etuting the column with 0.02M 
aqueous hydrochloric add solution. 

This acid derivative (5 g. 2.6 mmoie) was dis- 
solved in dried dimethylformamide (100 ml), and 
N-hydroxysuccinlmlde (0.8 g, 7.0 mmole) and 
dicyclohexylcarbodllmide (1.5 g, 7.2 mmole) were 
added thereto. The mixture was reacted ovemight 
at room temperature. 

Insoluble material was separated by filtration, 
and to the filtrate thus obtained dried ethyl ether 
was added to produce a precipitate of the activated 
ester. 



A 6% aqueous solution of human hemoglobin 
(300 ml), produced by the method described in 
Example 2. was reacted with glyoxalic acid in a 20- 
fold excess volume of HEPES buffer, by the meth- 

5 od of Didonato et al (A. DIDonato, W. Fartl, A. 
^Acharya, J. Manning, J. Biol. Chem., 258 11890- 
895, 1983) and the product thus obtained was 
reduced with NaBHsCN. 

Low molecular material was removed with 

TO "Sephadex G-100" from the cartDOxymethylated he- 
moglobin thus obtained, and 0.1 M phosphate buffer 
was added thereto to dilute the solution to 5.2 g of 
hemoglobin per 100 ml. The solution was reacted 
with the polyethylene glycol monomethyl ether ac- 

75 tivated ester (4.8 g) obtained by the method de- 
scribed above for 2 hours at 5"*C. 

The product was purified by the ultrafiltration 
method described In Example 1 . The average mo- 
lecular weight, as detemnlned by the method de- 

20 scribed above, was 82000 daltons. The Pse value 
was 12 mmHg at 25''C (pH 7.4). 

Examples 

25 The process of Example 2 was repeated ex- 
cept that poly(ethylene oxide) having a mean mo- 
lecular weight of 8000 daltons (20g. 2.5 mmole). 
made by Aldrich Chemical Co., USA, was em- 
ployed as a starting material to obtain a carboxylic 

30 acid derivative wherein both ends of the poly- 
(ethylene oxide) have an -O-CHrCOsH radical. 

The carboxylic acid derivative, purified with the 
resin Blo-Rad AG1X2. was reacted with N-hydrox- 
ysuccinimlde in the same manner as in Example 2 

35 to give an activated ester. 

Bovine hemoglobin (7 g), as obtained by the 
method described In Example 1, In the form of 
0.1 M solution thereof (100 ml) in a phosphate buff- 
er (pH 7.4), was reacted with pyridoxal-5*-phos- 

40 phate by the method of Benesch referred to above, 
and successively reduced with sodium borohydride 
(NaBH«). 

Into the above solution, highly purified nitrogen 
gas was blown to remove oxygen from the solution, 
45 and then N-dimethylglycine (1500 mg) and the 
above described activated ester of the polyox- 
yethylene derivative (4.8 g) were added. The mix- 
ture was reacted for 1 hour at a temperature of 
4«C. 

50 Using the method described In Example 1 , the 
reaction mixture was purified by removing low mo- 
lecular weight material. 

By the cyanomethemoglobin method, the con- 
centration of the hemoglobin was determined, and 

65 thereby it was found that the yield was 83% based 
on the bovine hemoglobin. The mean molecular 
weight was 20,000 daltons. The viscosity of a soiu- 
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tion having a hemoglobin concentration of 6% was 
2.8 ops. The P„ value was 1^ mmHg at 25"C (pH 
7.4) from the oxygen dissociation curve, as mea- 
sured by the method of Imai described above. 

To the above described standard modified he- 
moglobin solution (concentration of hemoglobin : 
6.0%) (100 ml), maltose in an amount (3.4 g) which 
con^sponds to 0.56 times by volume of the he- 



moglobin, and the salts given in Example 2 were 
added to adjust the osmotic pressure to 280 mOs- 
mol. in the same manner as in Example 2. The 
preparations thus produced were preserved at 
10°C-and the results thus obtained are given in 
Table 2. These results shown that the modified 
hemoglobin to which maltose and the salts had 
been added were very stable. 



Table 2 * Effect of salts and maltose upon Ivophilized 
modified hemoglobin (preservation at IQQC I 

Number of 
months of 

preservation 0 I 2 2 a r: c 



Methemoglbbin 
content (%) 



2.92 5,96 



The modification of hemoglobin with a poly- 
(alkylene oxide) in accordance with the present 
invention does not denature Ihe hemoglobin, and 
does not harm its affinity for oxygen. Moreover, the 
modified hemoglobin has a high stability and main- 
tains its activity for long times both during the 
making of preparations therefrom and during stor- 
age thereof. The stabiDty from the preparation 
stage to the storage stage is further improved by 
the addition of maltose as a stabilizing agent 

These materials can be expected to be a virus- 
free oxygen carrier. 



Cfaims 

1. Hemoglobin modified in tiiat a poly(alkylene 
oxide) is bonded tiiereto, characterized in that said 
poly(alkylene oxide) is bonded to the hemoglobin 
by a bond between a terminal group of said poly- 
(alkylene oxide) and an amino group of said he- 
moglobin, said bond having the structure: 

-CHrO-{CH,)„-CONH-Hb 

wherein Hb represents said hemoglobin and n re- 
presents a positive integer. 



7.83 8^98 10.75 11.24 12.12 

25 

2. Modified hemoglobin according to daim 1. 
wherein at least 50% of the terminal groups of said 
poly(alkyIene oxide) not bonded to said henK)gio- 
bin are bonded to an amino add radical by an 
amide bond. 

3. Modified hemoglobin acconling to daim 2, 
wherein said amino acid is a natural amino add 
that constitutes a protein. 

4. Modified hemoglobin according to any of 
claims 1 to 3. wherein said poly(alIcyIene oxide) is 
poly(etiTylene oxide), poIy(propyIene oxide) or a 
coplymer of ethylene oxide and propylene oxide. 

5. Modified hemoglobin according to any of 
claims 1 to 4. wherein said poly(allcyIene oxide) has 
a molecular weight of from 1000 to 5000. 

6. Modified hemoglobin according to any of 
claims 1 to 5, wherein said modified hemoglobin is 
lyophilized witii maltose and/or glucose. 

7. Modified hemoglobin according to any of 
claims 1 to 8, wherein n is an integer of from 1 to 
10. 

8. Modified hemoglobin according to claim 7 
wherein n is an integer of from 1 to 7. 

9. An effective oxygen carrier for use as a 
blood substitute, comprising modified hemoglobin 
according to any of claims 1 to 8. 
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